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Field of the Invention 



This invention relates to Silicon-On-Insulator (SOI) 
semiconductor chips and more particularly to patterned regions of 
SOI in bulk semiconductor material and further, to trenches 
formed at the perimeter of respective SOI regions to provide 
electrical isolation and to remove or control crystalline 
defects. 

Background of the Invention 

It is well known that SOI based logic circuits show 20-30% higher 
performance than logic circuits comparably made on bulk-Si. 
Currently, si wafers are ion implanted with oxygen such as 10 18 
atoms/cm 2 to form a buried oxide region beneath the surface of 
the Si. The Si wafers are annealed to form a continuous buried 
oxide layer (BOX) beneath the surface that isolates electrically 
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the top Si layer from the bulk Si below the BOX. The above 
process for making SOI wafers is known in the art as separation 
by implantation of oxygen (SIMOX) . SOI wafers are then processed 
to form devices and/or circuits therein. 

In the fabrication of CMOS circuits on bulk Si, shallow trench 
isolation (STI) has been used to provide electrical isolation 
between devices. A shallow trench is formed, filled with an 
insulator and then planarized by Chemical Mechanical Polishing 
O (CMP) . 

in In the fabrication of Dynamic Random Access Memories (DRAM) , 
hj memory cells consisting of a field effect transistor and a 

capacitor have been used. IBM Corp. has developed the use of a 
□ deep trench capacitor for the memory ceil such as described in US 

4, 688, 063 which issued Aug, 18, 1987 by Lu et al. entitled 

.JSKS. 

U "Dynamic Ram Cell With MOS Trench Capacitor In CMOS." A deep 
trench is formed and then the sidewalls and bottom are oxidized 
or coated with an insulator followed by filling the trench with a 
conductor such as doped poly silicon. 

Summary of the Invention 

In accordance with the present invention, a structure for forming 
electrical devices therein and a method for making is described 
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comprising a semiconductor substrate containing Si having an 
upper surface, and a plurality of spaced apart buried oxide 
regions formed by ion implantation of oxygen therein through 
openings in a patterned mask to provide a plurality of buried 
oxide regions under the surface of a single crystal silicon 
containing layer. 

The invention further provides a method for forming a 
semiconductor layer over an insulator comprising the steps of 
« forming a first mask on a substrate containing Si, implanting 
m oxygen through the mask into the substrate and annealing the 
an substrate to form a patterned buried oxide layer and a 

■hr 'i 

'sTj semiconductor layer there over. 

f»i The invention further provides a structure and method for forming 
;y, bulk semiconductor regions and SOI regions on a wafer with 
y[ trenches positioned at or near the perimeter of the SOI regions 

to provide electrical isolation and to control crystalline defect 

propagation and effects. 

The invention further provides a structure and method for forming 
embedded DRAM and merged logic by forming Bulk Si regions with 
DRAM formed therein and SOI regions with merged logic (CMOS) 
formed therein. 
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Brief Description of the Drawing 

These and other features, objects, and advantages of the present 
invention will become apparent upon consideration of the 
following detailed description of the invention when read in 
conjunction with the drawing in which: 

Fig, 1 shows a first embodiment of the invention with patterned 
buried oxide regions under a thick silicon containing layer. 

Fig. 2A shows a second embodiment of the invention with patterned 
buried oxide regions under a thin silicon containing layer. 

Fig, 2B shows FET's and a capacitor formed in the second 
embodiment of Fig. 2A to form embedded DRAM and merged logic. 

Fig. 3 shows a third embodiment of the invention with a plurality 
of independent thickness 1 of buried oxide regions. 

Figs. 4 and 5 show fourth and fifth embodiments of the invention 
with patterned SOI regions with insulation there between. 
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Fig. 6 is a cross section view taken with Transmission Electron 
Microscopy (TEM) of the embodiment of Fig. 1 exposed to a high 
dose of oxygen. 

Fig. 7 is a cross section view taken with Transmission Electron 
Microscopy (TEM) of the embodiment of Fig. 2 exposed to a low 
dose of oxygen. 

Fig. 8 is a sixth embodiment of the invention showing trench 
D structures to replace crystalline defect regions and/or to block 
S defects emanating from regions having high dislocations or to 
\f\ control crystallographic defects between SOI regions and bulk 
W regions . 

■U Fig. 9 shows a first decoupling capacitor in a bulk semiconductor 
H= substrate region. 

Fig. 10 shows a second decoupling capacitor in a bulk 
semiconductor substrate region. 

Fig. 11 shows a first body contact embodiment incorporating a 
trench. 

Fig. 12 shows a second body contact embodiment incorporating a 
trench . 
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Fig. 13 shows field effect transistors formed on sidewalls of a 
trench formed in a bulk semiconductor region. 

Fig. 14 shows field effect transistors formed on sidewalls of a 
trench having a buried oxide layer beneath the sidewalls. 

Description of the Preferred Embodiments 

Referring now to the drawing, Fig. 1 shows an SOI structure 10 
having a substrate 12 of a poly or single crystalline 
semiconductor material containing Si such as Si alone, SiGe, SiC, 
with a major upper surface 13. On major surface 13, a dielectric 
mask 14 is formed. Dielectric mask 14 may be of a material such 
as Si0 2 , Si 3 N 4 , polysilicon, diamond-like-carbon, A1 2 0 3 or 
combinations thereof. Dielectric mask 14 is lithographically 
patterned to form openings 15 and 15' Mask 14 may be formed 
with one or more patterned dielectric layers. 

A source of ions such as 0 + , 0 2 , 0 3 and higher charge state ions 
16 are directed at surface 13 of substrate 12. Ions 16 are 
blocked from entering substrate 12 where mask 14 remains and ions 
16 pass through openings 15 and 15' through exposed surface 13 
into substrate 12 to form buried oxide regions 17 and 17' and 
corresponding SOI regions 18 and 18' below openings 15 and 15' . 
The penetration depth of ions 16 is a function of the ion energy 
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from the ion source. The ion source may be an ion implanter 
having an energy range from 60 to 210 keV which is commercially 
available from IBIS Corporation, Danvers, Massachusetts. The 
energy of ions 16 may be in the range from 30 keV to 10 MeV with 
special equipment being fabricated to provide an ion source for 
either the high or low end of the energy range. Ions 16 may have 
insufficient energy to penetrate mask 14 to leave substrate 12 
below mask 14 free of oxygen ions 16 so as to be suitable for 
electronic devices. To prevent any ions 16 from penetrating 
through mask 14, mask 14 should have a thickness preferably equal 
to the projected range (R p) plus 6 times the straggle distance 
(AR P ) of the gaussian distribution. In Fig. 1, buried oxide 
regions 17 and 17' may have a thickness in range from 200 A to 2 
microns. The Si containing overlayer 29 above buried oxide 
regions 17 and 17' may have a thickness in the range from 100 A 
to 4 microns. Buried oxide regions 17 and 17 f may be 
stoichiometric or non-stoichiometric mixed with Si (crystalline 
or amorphous) , SiO x , N, SiN x , C and SiC x . 

The edge 20 of mask 14 is over edge 22 of buried oxide region or 
layer 17. The edge 24 of mask 14 is over edge 11 of buried oxide 
region 17. The edge 19 of mask 14 is over edge 21 of buried 
oxide region 17' . The edge 27 of mask 14 is over edge 32 of 
buried oxide region 17' . The edges 20, 24, 19 and 27 of mask 14 
and the respective edges 22, 11, 21 and 32 of buried oxide 
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regions 17 and 17' may be offset with respect to one another to 
overlap or to be spaced apart. Buried oxide regions 17 and 17' 
may extend laterally underneath the edges of mask 14 which is 
normal in typical processing; or, buried oxide regions 17 and 17' 
could be fabricated so that edges 22, 11, 21 and 32 are spaced 
apart from edges 20, 24, 19 and 27 respectively of mask 14. The 
shape of buried oxide edges 22, 11, 21 and 32 are a function of 
the physical shape of the edges of mask 14. Mask edge 24 is 
bevelled or slanted in the range from 10 to 70 degrees with 
respect to an axis 23 which is orthogonal to surface 13. Angled 
implantation of ions 16 at angles other than 90 degrees may be in 
the range from 10 to 90 degrees with respect to surface 13 which 
is used to move the edges 22, 11, 21 and 32 of the buried oxide 
layers 17 and 17' away from or underneath the edges 20, 24, 19 
and 27 of mask 14. Overlap distances or the spaced apart 
distances to edges 20 and 22, for example, are measured with 
respect to an orthogonal axis 23 when passing through the 
respective edges being measured. 

In Fig. 1, the silicon thickness along with the doping (p or n) ) 
level may be adjusted so that the depletion region from 
source/drain junctions do not touch or interface with the upper 
surface 34 of buried oxide layer 17 as shown in Fig, 2B. 
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In Figs. 2A and 2B like references are used for functions 
corresponding to the apparatus of Fig, 1. In Fig. 2A, ions 16 of 
lower energy are used to form buried oxide 17 at a shallower 
depth and hence a thinner Si layer 29 such as less than 1000 A 
thick over buried oxide layer 17. In Fig. 2B, the silicon 
thickness along with the p or n doping level is adjusted to 
either allow the depletion region of source 25 and drain 26 of 
Field Effect Transistor (FET) 28 to interface or not to interface, 
with the upper surface 34 of buried oxide layer 17. The source 25 
3 and drain 26 itself may interface with upper surface 34 of buried 
P. oxide layer 17 depending on the thickness of silicon containing 
4J over layer 29. 

Fig. 2B shows a FET 28 having a source 25 and drain 26 formed in 
P Si containing over layer 29 above buried oxide layer 17. An FET 

jz 30 having a source 31 and drain 33 is formed in Si containing 
^ substrate 12, a bulk Si region without buried oxide layer 17 

below. FET's 28 and 30 may be formed concurrently or at separate 
times. Next to FET 30 is a trench capacitor 35 which may be 
formed coupled to FET 30 by way of conductor strap 3 6 to form a 
memory cell 37 of an array of memory cells 43 in bulk 
semiconductor region 42. The structure of patterned SOI regions 
18 with non patterned bulk semiconductor regions 42 permits the 
formation of embedded memory 43 in the form of RAM or DRAM in the 
bulk semiconductor region 42 with logic circuitry formed from 
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FET's such as CMOS formed in SOI regions 18 in Si containing over 
layer 29. 

Fig. 3 shows a mask 36 which is adjusted in thickness to permit 
some ions 16 to pass through mask 36 into substrate 12 to form a 
buried oxide region 38 having a Si layer 39 above of a thickness 
less than 1000 A and to form a buried oxide region 40 at a 
second depth where no mask or a thinner mask (not shown) is 
intercepting ions 16 to form Si layer 41 having a thickness 
y greater than 1000 A. 

si 

In a first case, the mask thickness of mask 36 is selected to 
Tfs determine the depth of buried oxide 38 which would be less than 
u the depth of buried oxide 4 0 where no mask intercepts ions 16. A 
?7 second case is described where the same structure in Fig. 3 can 
[IJ be achieved by a thicker mask 36 and with a higher energy of ions 
16. The two buried oxide regions 38 and 40 join together or are 
continuous from buried oxide region 38 to buried oxide region 40 
with a step 43 in buried oxide depth between them corresponding 
to the location of the edge of mask 36 above. The shape of step 
43 is determined by the positions of buried oxide regions 38 and 
40 and by the shape of edge 44 of mask 36. It is understood that 
a plurality of thickness' of mask 36 may be used in conjunction 
with the energy of ions 16 to provide a silicon containing over 
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layer with a plurality of thickness' in addition to over layer 39 
and 4 1 . 

Fig. 4 shows a mask 46 which is adjusted in thickness to permit 
some ions 16 to pass through mask 4 6 into substrate 12 to form a 
buried oxide region 48 extending to the surface 49 and to form a 
buried oxide region 50 at a second depth where no mask or a 
thinner mask is intercepting ions 16. The silicon thickness of 
Si layer 52 can be adjusted in a manner described in Figs. 2A and 

yi In a first case, the mask thickness of mask 46 is selected to 
y determine the depth of buried oxide 4 8 which will extend to the 
s ' surface of substrate 12. A second case is described where the 
rj same structure in Fig. 3 can be achieved by a thicker mask 4 6 and 
with a higher energy of ions 16. The two buried oxide regions 4 8 
;U and 50 join together or are continuous from buried oxide region 

48 to buried oxide region 50 with a step 53 in buried oxide depth 
between them. The shape of step 53 is determined by the 
positions of buried oxide regions 48 and 50 and by the shape of 
edge 47 of mask 46. 

In Fig. 4, the silicon thickness of Si layer 52 along with the n 
or p doping level is adjusted so that the depletion region from 
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source/drain junctions to be subsequently formed do or do not 
touch or intersect upper surface 51 of the buried oxide 50. 



Fig. 5 shows a mask 56 which is adjusted in thickness to permit 
some ions 16 to pass through mask 56 into substrate 12 to form a 
buried oxide region 58 extending to the surface 59 of substrate 
12 and to form a buried oxide region 60 at a second depth where 
no mask or a thinner mask is intercepting ions 16. The silicon 
thickness can be adjusted by adjusting the energy of ions 16 as 
described with respect to Figs. 2A and 2B. 

In a first case, the mask thickness is selected to determine the 
depth of buried oxide 58 which will extend to the surface 59 of 
substrate 12. A second case is described where the same 
structure in Fig. 4 can be achieved by a thicker mask 56 and with 
a higher energy of ions 16. The two buried oxide regions 58 and 
60 join together or are continuous from buried oxide region 58 to 
buried oxide region 60 with a step 63 in buried oxide depth 
between them. The shape of the step is determined by the 
positions including the depth of buried oxide regions 58 and 60 
and by the shape of mask edge 57 of mask 56. 

In Fig. 5, the silicon thickness of Si layer 64 may be less than 
1000 A and is adjusted in thickness and doping to either allow 
the depletion region from a subsequently formed source/drain 
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region to touch, extend to, or intersect upper surface 61 of the 
buried oxide 60 or the source/drain region itself contacts the 
upper surface 61 of buried oxide 60. 

Fig. 6 shows a TEM cross section micrograph of a patterned SOI 
structure 10' similar to Fig. 1 without mask 14 and with oxide 
layer 70 formed on surface 13 of substrate 12 and SOI region 18. 
The thickness of buried oxide 17 corresponds to the following 
implant conditions: oxygen energy about 200 keV, oxygen dose 
D about 1.8 X 10 18 atoms cm" 2 , implant temperature about 570°C, and 
* annealing at about 1320°C for 6 hours in nitrogen mixed with 2-3% 
"4j oxygen. Fig. 6 shows a dense array of dislocations 74 in 

substrate 12 at the edge of SOI region 18 and dislocations 78 at 
:\, the end of Si containing layer 77 or near it where internal 
:f J stresses are high in SOI region 18. The crystalline dislocations 
tl are above 1 X 10 8 cm" 2 , in substrate 12 and SOI "region 18 at the 
^ mask edge region of mask 14 (not shown) and at a physical dip or 
depression in silicon surface 13. Fig. 6 shows oxide layer 70 
above buried surface 13 grown during the step of annealing which 
may be removed after the step of annealing by wet etching in 
dilute hydrofluoric (HF) acid. 

Fig. 7 shows a TEM cross section micrograph of a patterned SOI 
structure 10" similar to Fig. 1 without mask 14. The thickness 
of buried oxide layer 17 corresponds to the following implant 
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conditions: oxygen energy about 200 keV, oxygen dose about 2 X 
10 17 atoms cirr 2 , implant temperature about 570°C, room temperature 
implant and annealing at about 1320°C for 22 hours in argon mixed 
with at first times with 30-40% oxygen for about 12 hours and 
then at second times with 2-3% oxygen for about 10 hours. The 
steps of implanting at about 570°C, room temperature implanting 
and then annealing at about 1320°C are described in Serial No. 
08/995,585 filed Dec. 22, 1997 (Y0997117A allowed) by D.K. Sadana 
and J. P. de Souza entitled "Defect Induced Buried Oxide (DIBOX) 
O For Throughput SOI" which is assigned to the assignee herein and 
"J is incorporated herein by reference. A method for forming SOI is 
=P also described in Serial No. 09/034,445 filed March 4, 1998 

ijjjj 

W (Y0996-264) by D.K. Sadana and O.W. Holland entitled "Method Of 

Forming Buried Oxide Layers In Silicon" which is assigned to both 
^ the assignee herein and Lockheed Martin Energy Research 
O Corporation and which is incorporated herein by reference. Fig. 
7 shows a few (three) dislocations 82 (about 1 X 10 7 cm' 2 ) in 
substrate 12 which is substantially better than that shown in 
Fig. 6 at the mask edge region of mask 14 (not shown) and a dip 
in silicon surface 13. Layer 86 is shown above buried surface 13 
of substrate 12 and is an oxide layer grown during the step of 
annealing which may be removed after the step of annealing by wet 
etching in dilute HF acid. 
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Fig. 8, shows an embedded DRAM 90 and merged logic 92 separated 
by a trench 94. Trench 94 is positioned to remove crystalline 
defects such as dislocations 74 in substrate 12 and dislocations 
78 in or at the edge of SOI region 18 due to the stress during 
formation of buried oxide layer 17 as shown in Figs. 6 and 7. 
Trench 94 functions to remove crystalline dislocations and 
defects and thereby prevent dislocations and other defects from 
propagating into substrate 12 or into Si layer 29. In Fig. 8, 
like references are used for functions corresponding to the 
apparatus of Fig. 2B. Trench 94 may be a deep trench in the 
range from 1 to 10 microns formed by reactive ion etching (RE I ) 
or trench 94 may be a shallow trench having a depth in the range 
from .05 to 1 microns to intersect with buried oxide layer 17. 
Trench 94 may provide electrical isolation to layer 29 and 
between embedded DRAM 90 and merged logic 92. Merged logic 92 
may have field effect transistors of both n and p type 
interconnected to form CMOS logic. Fig. 8 shows field effect 
transistor 28 having source 25 and drain 26 in layer 29. Layer 
29 may have a thickness determined by the depth of buried oxide 
17 and p or n doping at a concentration wherein the depletion 
region in layer 29 extends or does not extend to the upper 
surface of buried oxide layer 17. By the depletion region 
extending to the upper surface of buried oxide layer 17, the 
capacitance of the drain and source are reduced. Where the 
depletion region from source 25 and drain 26 in layer 29 from 
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field effect transistor 28 does not interface with buried oxide 
layer 17, the field effect transistor operates in a partial 
depletion mode which eliminates the kink effect in the I d versus 
V d graph at constant gate voltage due to the floating body effect 
i.e. charge accumulation below the channel. 

In place of a single trench 94, a plurality of trenches 94 may be 
formed side by side parallel to one another such as where trench 
35 is located to remove dislocations and to provide electrical 
isolation. Trench or trenches 94 may have their respective 
sidewalls and bottom oxidized to form an insulator such as Si0 2 
and filled with an oxide or a polysilicon. Selective placement 
of trenches 94 may also provide thermal dissipation from layer 29 
or the top of substrate 12 to substrate 12 below. To increase 
thermal conductivity, trench 94 may be filled with a thermally 
conductive material such as a conductive oxide, metal or doped 
polysilicon. 

Referring to Fig. 9, a decoupling capacitor 102 is shown formed 
in substrate 12 in bulk semiconductor region 38 of substrate 12 
which may be adjacent one or more patterned SOI regions 18. A 
trench 104 is formed in upper surface 13 in substrate 12. The 
sidewalls 105 and bottom 106 of trench 104 are covered by a layer 
of dielectric 108 such as silicon dioxide, silicon nitride or 
combinations thereof. Trench 104 may be filled with a conductive 
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material 109 such as p+ or n+ doped polysilicon or a metal. The 
top surface of conductive material 109 may be planarized to be, 
for example, coplanar with surface 13 by chemical mechanical 
processing (CMP) . 

Referring to Fig. 10, a decoupling capacitor 112 is shown formed 
in substrate 12 in a bulk semiconductor region 18 of substrate 12 
which may be adjacent one or more patterned SOI regions 38. A 
trench 114 is formed in upper surface 13 in substrate 12. The 
sidewalls 115 and bottom 116 of trench 114 and surface 13 are 
covered by a layer of dielectric 118 such as silicon dioxide, 
silicon nitride or combinations thereof. Trench 114 may be 
filled with a conductive material 119 such as p+ or n+ doped 
polysilicon or a metal. The top surface of conductive material 
119 may be planarized to be, for example, coplanar with the top 
surface of dielectric 118 by a process such as CMP. 

Referring to Fig. 11, a body contact 120 for field effect 
transistors 28 shown in Figs. 2B and 8 is shown by making 
electrical contact between layer 29 and substrate 12 below buried 
oxide layer 17. A trench 122 is formed from surface 13 through 
layer 29, through buried oxide layer 17 and into substrate 12. 
Trench 122 may have a dielectric layer 124 on sidewalls 125 from 
the bottom of sidewall 125 to the upper surface 126 of buried 
oxide layer 17. Trench 122 may be filled with conductive 
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material 119 such as a conductive oxide, p+ or n+ polysilicon or 
metal . 

Referring to Fig. 12, a body contact 130 for field effect 
transistors 28 shown in Figs, 2B and 8 is shown by making 
electrical contact between layer 29 and substrate 12 below buried 
oxide layer 17. A trench 132 is formed from surface 13 through 
layer 29, through buried oxide layer 17 and into substrate 12 for 
a predetermined depth. Trench 132 has sidewalls 135. Trench 132 
may be filled with a conductive material 129 such as a conductive 
oxide, p+ or n+ polysilicon or metal. 

Referring to Fig. 13, field effect transistors 142 and 144 are 
shown formed on sidewalls 143 and 145 respectively in trench 148. 
Field effect transistor 142 comprises source 150, drain 151, gate 
dielectric 152 and gate electrode 154. Field effect transistor 
144 comprises source 158, drain 159, gate dielectric 160, and 
gate electrode 161. 

Referring to Fig. 14, field effect transistors 142 and 144 are 
shown formed on sidewalls 143 and 145 respectively in trench 148. 
Trench 148 is formed such as by reactive ion etching (RIE) 
through the upper surface 13 of substrate 12 which may contain 
silicon. Next, oxygen ions 164 are implanted through surface 13 
and into and beneath sidewalls 143 and 145 of trench 148 by 
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plasma immersion ion implantation to form a buried oxide layer 
166. Plasma immersion ion implantation is an isotropic process 
for implanting oxygen ions shown by arrows 164 from an effective 
non-directional source . 

In Figs* 1-14, like references are used for an apparatus 
corresponding to an apparatus in an earlier Figure. 

While there has been described and illustrated a structure having 
patterned buried oxide regions and a process for making such as 
patterned SOI semiconductor regions having one or more Si layer 
thickness 1 ; patterned SOI semiconductor regions having SOI 
regions and bulk silicon containing regions where, for example, 
DRAM' s may be formed in bulk regions and CMOS logic may be formed 
in SOI regions; and patterned SOI regions having SOI and bulk 
silicon containing regions with deep or shallow trenches 
therebetween, it will be apparent to those skilled in the art 
that modifications and variations are possible without deviating 
from the broad scope of the invention which shall be limited 
solely by the scope of the claims appended hereto. 
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